[Abstract] The microenvironment of solid tumours is a critical contributor to the progression of tumours and offers a promising target for therapeutic intervention Barker et al., 2012; . The properties of the tumour microenvironment vary significantly from that of the original tissue in both biochemistry and biomechanics. At present, the complex interplay between the biomechanical properties of the microenvironment and tumour cell phenotype is under intense investigation. The ability to measure the biomechanical properties of tumour samples from cancer models will increase our understanding of their importance in solid tumour biology. Here we report a simple method to measure the viscoelastic properties of tumour specimens using a controlled strain rotational rheometer.
A. Measuring relative stiffness of tumour tissues Rheological characterization was performed on all tumour samples using a TA Instruments DHR-2 controlled strain rotational rheometer fitted with an 8 mm sand-blasted parallel plate upper geometry, and an 8 mm sand-blasted lower stepped geometry ( Figure 1A ). Table 1 below outlines the testing parameters that we have determined to be optimal for measuring tumour tissue using a Discovery Series Hybrid rheometer (TA Instruments, model: DHR-2) under the conditions described (see Notes 5-7).
www.bio-protocol.org/e2265 2. Attach the stepped lower geometry to the heated peltier plate ( Figure 1A ) (arrow).
3. Attach the 8 mm diameter upper geometry ( Figure 1A ) (arrowhead).
4. Set the peltier temperature to the required temperature (Table 1) .
Surgically excise the tumour tissue to be measured (see Notes 2, 3, 4 and 10). Figures 1B-1D
show a primary orthotopic fatpad-implanted 4T1 mammary carcinoma tumour at 3 weeks post implantation being excised. When measured externally using calipers the tumour measures approximately 520 mm 3 , which is sufficient to allow an 8 mm diameter tissue sample to be collected (see conditions above under Procedures).
6. A ≥ 1 mm thick section is cut from the region of interest for measurement ( Figures 1E and 1F ).
The remaining tissue not used for rheology can be used for additional analysis including RNA/DNA/protein extraction, or fixed/frozen and processed for immunohistochemistry/immunofluorescence (see Note 11).
7. Using an 8 mm disposable biopsy punch, a circular biopsy is cut and extraneous material is removed ( Figure 1G ).
www.bio-protocol.org/e2265 Post-mortem surgical excision of the whole tumour (arrowhead) from the fatpad (E and F). A ≥ 1 mm section is cut using a scalpel from the region of interest in the tumour (see Notes 2-4). G.
Using an 8 mm disposable biopsy punch, a circular biopsy is cut and extraneous material is removed. H. The tissue sample is then placed on the lower geometry (arrow) and the upper geometry (arrowhead) lowered so that it comes into contact with the sample. The gap between the upper geometry (arrowhead) and lower geometry (arrow) is slowly reduced until a stable axial force (see Table 1 9. Carefully transfer the tumour tissue to the lower geometry (arrow) using a flat-ended spatula.
10. Move the 8 mm upper geometry (arrowhead) down until it just contacts the top surface of the tissue ( Figure 1H ).
11. Decrease the gap by 50 µm increments to increase the axial force applied to the tissue and continue until a stable axial force is reached as detailed in Table 1 (see Note 7).
12. Set an oscillation strain sweep as per Table 1. 13. Set an oscillation frequency as per Table 1. 14. Begin measurement. 2. Extract the storage modulus (G') at a matched strain between samples (example here is 1% strain) when comparing multiple tissue measurements ( Figures 1I and 1J ).
3. If required, the elastic moduli (E) can be determined from the storage modulus (G') using:
where, υ = Poisson's ratio of 0.5 for most tissues.
Data analysis
To ensure reliable data, be sure to perform at least five biological repeats within each experimental group with the appropriate controls. Extract the storage modulus (G') at 1% strain for each repeat when comparing multiple tissue measurements ( Figures 1I and 1J , right panels). 3. Do not allow tissues or prepared biopsies to dry out as this causes shrinkage and will also affect mechanical properties.
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5. Optimisation of measurement parameters may be required for extremely soft or extremely stiff samples. It may be necessary to determine the optimal frequency and strain parameters to ensure measurements are collected within the linear viscoelastic response of the tissue.
6. The point at which a Storage modulus (G') deviates by more than 10% from a constant (plateau) value indicates departure from linear viscoelastic behaviour.
7. When applying an axial force to the samples prior to starting the measurements, ensure this is consistent across measurements. A value of 0.03-0.05 N for tumour tissues described above is sufficient. 12. Tissues are typically only minimally frequency dependent within the range of 0.1 to 10 rad/sec (data not shown) and an oscillation frequency of 1 rad/sec is preferred when using the DHR2.
At this frequency tumour samples show a linear viscoelastic response within the strain range evaluated (see Figures 1I and 1J ).
